Abstract The baculovirus Anticarsia gemmatalis nucleopolyhedrovirus (AgMNPV), a member of the family Baculoviridae, has been widely applied as a biopesticide for the control of the velvetbean caterpillar, a pest of soybean crop field. Baculoviruses are considered safe and efficient agents for this purpose, because they do not infect vertebrates, being safe for the health of humans and animals, as well as to the environment. The objective of this work was to identify proteins obtained from Lonomia obliqua hemolymph with potential application in the optimization of baculovirus AgMNPV replication in Sf9 insect cell culture. In this work the improvement of the cell culture and viral replication of the AgMNPV baculovirus was observed when Grace medium was supplemented with 10 % (v/v) Fetal Bovine Serum (FBS), 1 % (v/v) hemolymph extract, or 3 % (v/v) of hemolymph fractions or hemolymph sub-fractions obtained by purifying hemolymph through High Performance Liquid Chromatography. Hemolymph presented a positive effect on the synthesis of polyhedra and enhanced baculovirus replication in Spodoptera frugiperda (Sf9) cells (TCID 50 /mL), and led to Sf9 cell culture improvement. Grace medium supplemented with 10 % (v/v) FBS and 1 % (v/v) hemolymph provided an increase of baculovirus replication, when the cells were infected with multiplicity of infection of 1. In this case, the baculovirus replication was 6,443.91 times greater than that obtained with the control: Grace medium supplemented with 10 % (v/v) FBS. In addition, this work suggests that hemolymph from L. obliqua could have an interesting application in biotechnology, due to an increase in the viability of the cells and virus replication.
Introduction
Insect cells have been increasingly used for the production of recombinant proteins and biopesticide. One of the most commonly employed cell lines for the production of high-value heterologous proteins through the baculovirus expression system (BEVS) is the Spodoptera frugiperda (Sf9) cell line. In addition, to production of recombinant proteins, it can also be used for the production of the Anticarsia gemmatalis nucleopolyhedrovirus (AgMNPV) baculovirus, a member of the family Baculoviridae, which has been widely applied as a biopesticide to control the velvetbean caterpillar, a pest of soybean crops.
Cell cultures normally require Fetal Bovine Serum (FBS) when cultivated in vitro using basal medium. However, this supplement consists of an undefined mixture of components that can vary from lot to lot, and potential adventitious contaminants can be introduced into in vitro cell culture through its use. Culture medium with FBS may be used as standard medium (Vaughn and Weiss 1990) .
Some studies have demonstrated the presence of pharmacologically active substances in hemolymphs from insects (Shiotsuki et al. 2000; Yamamoto et al. 1999; Guerrero et al. 1990; Jiang et al. 1999; Rosenfeld and Vanderberg 1998; Hamdaoui et al. 1998; Maranga et al. 2003; Lin et al. 1998; Zhu et al. 2000; Souza et al. 2005) . The supplementation of cell cultures with hemolymph proteins had a positive effect on viral replication (Rhee and Park 2000) , and recombinant protein production (Woo et al. 1997) . It was shown that it is capable of increasing the activity of a recombinant protein (luciferase) by approximately 6,000 times (Kanaya and Kobayashi 2000) .
Nevertheless, only few studies have succeeded in isolating and characterizing the factors involved in these effects (Ochanda et al. 1992 ). These factors, once identified and isolated, can be of great importance in the optimization of cell growth, in the viral replication or recombinant protein production, which contributes to more efficient cell culture and to obtain final products at lower costs. A reference reports the existence of various identified proteins able to improve cell cultures . However, in the case of a production process, a survey of the bioprocess costs and productivity rates must be carried out. Bioprocess costs can be reduced considering that in the same working volume (related to control culture), with the same amount of work and using the same quantities of materials, final viral titers can be increased compared to the titers obtained in the control. The objective of this work was to identify proteins obtained from Lonomia obliqua's hemolymph with potential application for increased baculovirus AgMNPV replication and production in Sf9 insect cell culture.
Materials and methods

Cell line and culture conditions
Sf9 cells derived from S. frugiperda CRL 1711 (ATCC, Manassas, VA, USA) were grown in 100 mL Schott flasks with 13 mL working volume containing Grace medium (Gibco, Sao Paulo, Brazil) supplemented with 10 % (v/v) FBS (Gibco). The cultures were incubated at 28°C and agitated at 100 rpm in a shaker incubator. The cultures were started with an initial inoculum of 3.0 9 10 5 cells/mL.
Preparation of cell inoculum
Frozen Sf9 cells were thawed and cultivated for infection assays. Cells were grown in 100 mL flasks (shaker) with 13 mL working volume. When the cell concentration reached approximately 3 9 10 6 cells/mL cells were subcultured in Grace medium with 10 % (v/v) FBS. The cells were infected when the cellular concentration reached 10 6 cells/mL (MOI of 1). Cell samples were collected on the eighth day after viral infection. Viral production evaluation was made through viral titration and quantification of the polyhedra production [polyhedrical inclusion bodies (PIBs)].
Cell viability
Cell samples were obtained daily, and cell concentration was measured using a hemacytometer (Neubauer Chamber). Cell viability was determined by trypan blue exclusion test [solution at 0.4 % (w/v)] under an Olympus light microscope.
Hemolymph collection
The urticarting bristles of L. obliqua larvae in the sixth larval stage were trimmed and its hemolymph immediately collected. The collected hemolymph was clarified by centrifugation at 1,000g for 5 min and the supernatant filtered through a 0.22 lm membrane and stored at 0°C.
Fractionation of hemolymph by High Performance Liquid Chromatography (HPLC)
After centrifugation and filtration, 6 mL of hemolymph were further fractionated by gel filtration chromatography using HPLC (Ä KTA Purifier Chomatography system-GE Healthcare, Sao Paulo, Brazil), using gel filtration columns Hi-prep 26/60 Sephacryl 200 (GE Healthcare) at a flow rate of 1 mL/min. The elution was monitored at 280 nm and 120 fractions (4 mL each) were collected. The fractions were analyzed by SDS-polyacrylamide gel electrophoresis (SDS-PAGE) at 12.5 % and added to the cell culture in order to verify the activity on cell growth and to study viral replication. After centrifugation and filtration, 1 ml of each semi-purified fraction by initial gel filtration, Pool 1, Pool 2 and Pool 3 of proteins, were submitted to Resource-Q ionexchange chromatography, at a flow rate of 1 mL/min. Elution was performed with a linear gradient (0-100 %) with a solution of Tris HCl 20 mM and Tris HCl 20 mM NaCl 1 M, pH 8.0. The process was monitored at 280 nm and fractions of 1 mL volume were collected. All protein fractions were analyzed by polyacrylamide gel electrophoresis (SDS-PAGE) and added to Sf9 cell cultures in order to study viral replication.
Analysis by polyacrylamide gel electrophoresis (SDS-PAGE)
Every chromatographic fraction was analyzed using SDS-PAGE at 12.5 %. A LMW-SDS Marker Kit (GE Healthcare) was used as protein mass standard. The electrophoresis was carried out at 50 mA for 90 min. Gels (SDS-PAGE) were stained by Gel Code Blue (Pierce, Rockford, IL, USA) or stained by silver nitrate (Silver Staining Kit, GE Healthcare).
Virus
The Anticarsa gemmatalis nucleopolyhedrovirus (AgMNPV) had been gratefully supplied by Dr. Ronaldo Zucatelli Mendonça. The initial viral stock was titrated and showed approximately 3-4 9 10 5 TCID 50 /mL. In the infection assays, Sf9 cells were grown in Grace medium (GIBCO) supplemented with 10 % (v/v) FBS and infected with baculovirus at the middle of the exponential phase. The experiments were performed with baculovirus at an MOI of 1. Sf9 cells were infected with baculovirus AgMNPV 48 h after start of cultivation, which corresponds to the middle of the exponential growth phase. At different times 1 % (v/v) of hemolymph (HB was added: 50 min before infection with Baculovirus ('HBbefore'), at the time of infection ('HB-together') or 50 min after infection with baculovirus ('HB-after').
Virus titration
Twelve serial dilutions of the cell culture supernatant samples were performed. Aliquots of 100lL of each diluted viral sample were placed into 96-well plates containing 10 5 cells/mL per well. The microplates were incubated at 28°C for 8 days and the final viral titer was calculated using standard methodology: TCID 50 /mL (Rhee and Munch 1938) . The infection was characterized by the formation of polyhedra (PIBs, occlusion bodies which surround the viral genetic material). At this stage, the cells undergo lysis, releasing polyhedra into the culture medium. Polyhedra concentrations/mL were determined in duplicate and counted daily using a hematocytometer (Rhee and Munch 1938) .
Statistics
''Student'' t test (Harris 2001 ) was applied in this work for establishing statistical significance (P \ 0.05) between titers obtained from HB or HB-fractions tests and those obtained from the controls.
Results and discussion
Analysis of Sf9 cells supplemented with hemolymph and infected with baculovirus AgMNPV
The viral production was performed by baculovirus infection of Sf9 cells, grown in Grace medium with 10 % (v/v) of FBS, supplemented with hemolymph at 1 % (v/v). Sf9 cells were infected with baculovirus AgMNPV 48 h after start of cultivation, which corresponds to the middle of the exponential growth phase.
To analyze the influence of hemolymph (HB) on viral replication and production of baculovirus polyhedra, we used three different times for the supplementation of cultures with hemolymph (HB). In the first test, termed HB-before, 50 min before infection with baculovirus (MOI: 1), HB was added at 1 % (v/v) to the cultures. In the second test, referred to as HBtogether, HB at 1 % (v/v) was added to the cell culture at the time of infection. In the third test, referred to as HB-after, HB at 1 % (v/v) was added to the cultures 50 min after infection with baculovirus (MOI of 1).
After these different steps, the concentration of polyhedra/mL was monitored daily as shown in Fig. 1 .
It was established that when supplementing cell culture with HB 50 min before infection with baculovirus (HB-before), the concentration of polyhedra was 183 polyhedra/mL, and upon supplementing cell culture with HB at the moment of infection with baculovirus (HB-together), the concentration of polyhedra reached 181 polyhedra/mL, both at the seventh day of cultivation. When hemolymph (HB) was added to the cell culture, 50 min after the infection with baculovirus (HB-after), the maximum concentration of polyhedra obtained was 148 polyhedra/mL (at the eighth day of cultivation). In the control culture in which hemolymph (HB) was not added the maximum concentration was 95 polyhedra/mL at the seventh day of culture (Fig. 1) .
The concentrations of polyhedra per mL were the following: 183 polyhedra/mL and 181 polyhedra/mL, for the cell cultures supplemented with HB-before, and for the culture supplemented with HB-together, respectively. This signifies that by using HB-before, there was an increase in the concentration of polyhedra/mL of approximately 1.92 times, and of 1.90 times, respectively, relative to the control sample. Polyhedra were mostly found occluded in the cells until the 6th day of culture. A difference in polyhedra concentration after the 7th day of culture, might signify that the Sf9 cells of the control cultures were already in the decline phase, with possible membrane rupture and consequent release of greater concentrations of polyhedra into the cell supernatant (Fig. 1) . The determination of the polyhedra concentration clearly showed that the highest titer was obtained with hemolymph supplemented to cell culture 50 min before the infection with baculovirus.
Viral titers were determined according to the method developed by Rhee and Munch (1938) and the results are presented in Table 1 .
The titration of the control sample (culture and virus production in Grace medium supplemented with 10 % (v/v) FBS) was 0.000419 9 10 9 (TCID 50 /mL) and the titre of the culture supplemented with HB at 1 % (v/v) 50 min before infection with baculovirus (HB-before) was of 2.7 9 10 9 (TCID 50 /mL), showing an improvement of the baculovirus titre by 6,443.91 fold, which could be explained by a facilitation of the adsorption of baculovirus to the receptors of the Sf9 cells due to interaction with the hemolymph proteins at the time of adsorption, thus, a host-pathogen interaction.
For 'HB-together', the production of baculovirus was 737.47 times higher than for the control culture and for 'HB-after' the virus production observed was 2.09 times lower compared with the control culture.
Thus, it was found that the best moment to supplement the cell culture with HB at 1 % (v/v) was 50 min before infection with baculovirus, because this condition yielded the greatest enhancement of the final baculoviral titer.
An hemolymph protein from the Bombyx mori silkworm capable of increasing the replication of B. mori nucleopolyhedrovirus and the activity of luciferase by approximately 10,000 times has already been isolated (Kanaya and Kobayashi 2000) . However, only few studies have been conducted for the isolation and characterization of factors involved in such effects (Shishikura et al. 1997; Moon et al. 1995; Ochanda et al. 1992) . In order to continue the identification of the proteins involved in the increased baculovirus production HB was fractionated by chromatography and the fractions were used to supplement the cell culture. The supplementation of Sf9 cell culture was done 50 min before infection with baculovirus.
Identification of chromatographic HB fractions with possible activity in the potentiation of baculovirus replication in Sf9 cells
In order to isolate the protein(s) responsible for the improvement of baculovirus replication, crude hemolymph (HB) was subjected to gel filtration column chromatography on Sephacryl S200, as shown in Fig. 2 . After this chromatographic step, hemolymph (HB) was subdivided into three sets of fractions called Pool 01, Pool 02, and Pool 03. These three pools were used to supplement cell cultures 50 min before infection with baculovirus.
Pools 01, 02, and 03 were used separately and mixed together to verify the existence of an increase in viral replication depending on the isolated action or the mix of proteins contained in these pools. Based on the protein concentration and attempting to inoculate proteins contained in each one of the pools at a similar concentration, three different conditions were applied, namely: Pools 01, 02 and 03 supplemented separately at 3 % (v/v), mix of pools 01 ? 02 ? 03, and mix of pools 02 ? 03 at 3 % (v/v). The amount of 3 % (v/v) representing a total protein concentration of 0.493 mg/mL for pool 1 (as example; for details, see Table 3 ) did not reach the total protein concentration present in the crude hemolymph extract (about 27.8 mg/mL), but was sufficient to show an improvement in the replication. Figures 3, 4 present the effects of the supplementation of different semi-purified fractions (Pools) of HB at 3 % (v/v) on the concentration of cells/mL and polyhedra/mL. Pool 1 was able of prolonging stationary phase culture from the third to the seventh day of Sf9 cell culture. The mix of pools 01 ? 02 ? 03 at 3 % (v/v) was able of prolonging the stationary phase from the third to the fifth day of Sf9 cell culture. Prolongation of stationary phase of cell culture was not observed when Pools 02 and 03 were used as mix, compared to the control culture. Figure 3 shows the obtained cell concentrations using the different Pools, used mixed or separately.
At the end of the cell cultures, a final viral titre was determined to confirm the action of each of these fractions with respect to the improvement of viral replication (Table 2) . With respect to virus replication, it was found that only Pool 01 used alone was responsible for the improvement of baculovirus replication. When Pool 1 was used separately, an increase of 611.9 was observed. The titer of baculovirus in Pool 01 was 2,570.0 9 10 2 TCID 50 /mL, whereas the titer of baculovirus in the control was 4.2 9 10 2 TCID 50 /mL. The mix of Pools 01, 02, and 03, containing Pool 01, showed an increase of approximately 833.33 times in the final baculoviral titer with respect to the control.
The titer of Baculovirus for the mix of Pools 01 ? 02 ? 03 was 3,500.0 9 10 2 TCID 50 /mL, for Pool 01 2,570.0 9 10 2 TCID 50 /mL and for the control 4.2 9 10 2 TCID 50 /mL. The mix of Pools 01 ? 02 ? 03 reached a final viral titer of approximately 1.36 times greater than Pool 01 used separately. These results indicate that one or several proteins contained in pool 01 are responsible for the augmentation of the virus-cell interaction and/or virus replication by the infected cells leading to greater concentrations of polyhedra/mL, thus improving baculovirus replication in Sf9 cells. When Pool 01 was used separately, the polyhedra concentration was 39.0 9 10 4 polyhedra/mL (Fig. 4) , showing higher concentration of polyhedra/mL. As polyhedra containing multiple viral particles are ingested by the soybean caterpillar, and since the higher the polyhedra concentration is on the crop, the greater will be the concentration which can be ingested and which will act as biopesticide for soybean plants. In the case that the polyhedra contain several baculovirus virions, the caterpillar pests of soybean will die more rapidly after ingestion of the polyhedra. In addition, due to the higher concentration of polyhedra/mL, there will be a higher probability of ingestion by the soy caterpillar causing them to die.
Identification of chromatographic fractions derived from Pool 01 with possible activity in the potentiation of baculovirus replication Pool 01 was responsible for the prolonged stationary phase, higher concentration of polyhedra/mL, and higher final viral titer. Pool 01 was subjected to further chromatographic processes, thereby trying to isolate proteins involved in the improvement of virus replication. For that, Pool 01 was subjected to ionexchange column chromatography (Resource-Q type), resulting in three protein fractions named: Q2-5, Q7-14, and Q16-19 as shown in Fig. 5 . Three fractions were identified, taking into consideration the volume and concentration of proteins in the injected Pool 01. Based on the baseline determined via the preliminary washings it could be established that there was no protein fraction to be analyzed after fraction Q16-19. The three obtained fractions, Q2-5, Q7-14, and Q16-19 were used to supplement Sf9 cell cultures at 3 % (v/v) 50 min before infection with baculovirus at an MOI of 1. The concentration of the hemolymph in the crude extract was 27.8 mg/mL. Experiments with protein fractions, such as Pool 1, were all performed with a protein concentration of 1.5 mg/mL, sufficient to check biological activity. To achieve a concentration of 1.5 mg/mL it was necessary to supplement each purified fraction to the cell culture at a concentration of 3 % (v/v). A protein concentration of 1.5 mg/mL was enough to indicate a possible improvement of replication (Table 3 ). Figure 6 shows the effects of supplementation of fractions Q2-5, Q7-14, and Q16-19 derived from ion-exchange column chromatography, of fraction Pool 01, and of buffer (Tris 20 mM NaCl 1 M), all at a concentration of 3 % (v/v).
As seen in Fig. 6 , fraction Q2-5 used at 3 % (v/v) for supplementing the Sf9 cell culture (HB-before) was capable of prolonging the stationary phase from the fourth to the sixth day of cell culture. Fractions Q7-14 and Q16-19 were toxic for the cell culture. Buffer (Tris 20 mM NaCl 1 M) used in ion-exchange chromatography did not influence cell growth when supplemented at 3 %.
The culture supplemented with Pool 01 showed a more prolonged stationary phase than the control culture. Fraction Q2-5 showed a stationary phase prolonged for 2-3 days relative to the control culture (Fig. 6) .
The protein concentration in the fractions used was approximately 1.5 mg/mL and the highest purified fraction Q2-5 having a comparable protein concentration to Pool 01, enabled the improvement of the Sf9 cell culture, suggesting that one or several components were responsible for prolonging the stationary phase of the cell culture. On the sixth day the viable cell concentration was 1.35 9 10 6 cells/mL when using fraction Q2-5. On the fourth day the maximum concentration of viable cell was 1.21 9 10 6 cells/mL when using Pool 1, and 1.14 9 10 6 cells/mL in the control culture. The increase in the cell number using fraction Q2-5 was 1.18 times greater than the maximum concentration of cells obtained in the control sample, and 1.11 times greater regarding the maximum concentration of viable cells observed for sample Pool 01. In this case there was no statistical difference.
As seen in Fig. 7 , there was a greater amount of polyhedra/mL in the cultures supplemented with fraction Q2-5 at 3 % (v/v). On the ninth day of culture, the concentrations of polyhedra in the control samples, in the cultures supplemented with Pool 01, and in the cultures supplemented with fraction Q2-5 were 6 9 10 4 , 7.5 9 10 4 , and 11.5 9 10 4 polyhedra/ mL, respectively.
On the 11th day at the end of the culture, the control culture and the culture supplemented with Pool 01 have produced 11.5 9 10 4 polyhedra/mL, whereas the culture supplemented with fraction of Q2-5 have produced 24.0 9 10 4 polyhedra/mL (Table 4) . There was an increase in the amount of polyhedral/mL of the order of 2.08 times greater relative to the control culture and Pool 01 using fraction Q2-5. Table 4 shows also that on days 9 and 10, the cultures supplemented with Pool 01 showed higher Polyhedra levels per mL than the control cultures confirming previous results (Fig. 4) . However, as mentioned, these values were lower than those obtained with fraction Q2-5 supplementation. On the ninth day, the concentration of polyhedral/mL using Pool 01 was 1.25 times greater than the concentration of polyhedral/mL of the control culture. Using fraction Q2-5, the value was 1.91 times greater than that obtained in the control culture. These results indicated that fraction Q2-5 derived from Pool 01, retained biological activity favoring a higher concentration of cells/mL and polyhedra/mL (Figs. 6, 7) . Among the three fractions derived from Pool 01, fraction Q2-5 was the only one that showed a potential improvement of viral replication and seems to concentrate the biological activity of Pool 01. Final baculoviral titers obtained by cultures supplemented with the three fractions Q2-5, Q7-14, and Q16-19 are presented in Table 5 .
Figures 1, 7 depict polyhedra production per mL. Figure 7 shows that the concentration of polyhedra/ mL of the control reached 11 9 10 4 polyhedra/mL, whereas Fig. 1 depicts the concentration of polyhedra/ mL of the control culture reaching 100 9 10 4 of polyhedra/mL. The difference in concentration of polyhedra of the control samples at different passages, indicate how subsequent passages of baculovirus may decrease polyhedra concentration per mL.
Over succeeding cell culture passages, there was a likelihood of reducing the baculovirus titers (Rodas et al. 2005 ). Thus we had chosen to use a viral stock with less cell culture passages for the evaluation of three different fractions (Q2-5, Q7-14, and Q16-19) on baculovirus productions presented in Table 5 .
The use of Pool 1 led to a titer of 2,310 9 10 5 TCID 50 /mL corresponding to a 731 times increase of the final viral titer, and when fraction Q2-5 was used, the titer was 178 9 10 5 TCID 50 /mL, corresponding to an increase of 56.33 times of the final baculoviral titer, both with respect to the control (3.16 9 10 5 TCID 50 /mL, Table 5 ). This indicates that a more highly purified fraction, Q2-5, was able to show activity in enhancing the baculovirus titer, despite of the loss of overall protein concentration due to purification; however, leading to a concentration of the active compounds. Using the Pool 1, it was possible to obtain higher titer than when using the Q2-5 fraction. It has to be recalled here that Pool 1 has a higher protein concentration as an earlier semipurified fraction than fraction Q2-5. Still, it could be shown that the Q2-5 fraction was capable of causing a beneficial impact on production of polyhedra.
Using fractions Q7-14 and Q16-19, a decrease in the final baculoviral titer was observed in relation to the control, suggesting a possible toxic effect when cultures were supplemented with both fractions (Fig. 6) .
Among the three fractions derived from ionexchange chromatography, fraction Q2-5 has shown Table 6 Final baculovirus titers at the end of five succeeding baculovirus passages comparing the control conditions and fraction Q2-5 supplementations, relative to cell cultures shown in an enhancing effect on cell culture with a higher concentration of cells/mL, polyhedral/mL and higher final baculoviral titer, suggesting that Q2-5 fraction is responsible for enhancing cell and polyhedra concentration per mL. As already mentioned, the number of passages of the baculovirus has an impact on virus production and on the titers which can be obtained (Rodas et al. 2005) . In this context, the differences in the baculovirus titers obtained when using Pool 1 shown in Table 2 (2,570.0 9 10 2 TCID 50 /mL) and Table 5 (2,310.0 9 10 5 TCID 50 /mL) can be explained by the number of subsequent baculovirus passages, which were lower for the data shown in Table 5 than for those in Table 2 . The titers presented in Table 2 were in the order of magnitude of 910 2 TCID 50 /mL, whereas the titers shown in Table 5 were in the order of magnitude of 910 5 TCID 50 /mL. However, despite of this fact, it was possible to establish that the titers obtained when using Pool 1 were higher than those obtained for the control conditions (Tables 2, 5) .
Thus, to verify the reliability of the results obtained with the control and fraction Q2-5 samples (Table 5) baculovirus production assays have been performed using five times subsequently passaged baculovirus. It could be shown statistically that fraction Q2-5 was able to actually increase the concentration of cells and polyhedra per mL even when later passage baculovirus stocks were used for infection.
The obtained differences in the values of the final baculoviral titres between the control and the fraction Q2-5 samples (Table 6) were statistically different (t test, n = 5). Table 7 shows how many times the final baculoviral titers obtained with sample Q2-5 were higher in comparison to the titers obtained with the control samples.
Considering the results in Figs 1, 4 , 7 the concentration of polyhedra/mL during cell culture in the control samples were, respectively, 8.0 9 10 5 , 2.2 9 10 5 , and 1.15 9 10 5 polyhedra/mL. Thus, there was a decrease in the concentration of polyhedra during cell subculture, whereas the viral titers of baculovirus in these three control samples were 4.19 9 10 5 TCID 50 /mL (Table 1) , 4.2 9 10 2 TCID 50 /mL (Table 2) , and 3.16 9 10 5 TCID 50 /mL (Table 5) , respectively. Despite the decrease in the amount of polyhedra/mL, no significant decrease was observed in the final baculoviral titre between the first and third passages of the control sample. There was a decrease in the concentration of polyhedra/mL, whereas the viral titers were similar in the control sample, suggesting no alteration of viral replication of baculovirus in the control samples. Rodas et al. (2005) reported a significant loss in the amount of polyhedra (PIBs) in successive passages of baculovirus on Sf9 cell cultures. After the fourth passage in cell culture, there was a decrease of virulence by 50 %, suggesting the formation of defective viral PIBs without biological activity during successive passages in Sf9 cell culture. At high passages polyhedra without viruses have been observed (Rodas et al. 2005) .
A decreased virulence of baculovirus, as reported by Rodas et al. (2005) , was not observed in the Sf9 cell culture infected with Baculovirus AgMNPV supplemented with Pool 01 at 3 % (v/v), as shown in Tables 2  and 5 . The titer of Baculovirus in cell culture supplemented with Pool 01 ranged from 2.57 9 10 5 TCID 50 /mL (Table 2) to 2,310.0 9 10 5 TCID 50 /mL (Table 5) , indicating a significant improvement in the baculovirus replication with respect to the control culture.
The main objective of the present study was to identify a protein fraction from L. obliqua's hemolymph able to enhance the replication of baculovirus AgMNPV after long-term studies. Besides the use of bioactive proteins to improve baculovirus replication, other approaches can be studied in order to optimize upstream-downstream bioprocess and enable largescale production of baculovirus for its application as biopesticide. Formulation of culture means favoring viral replication, higher-density cell cultures using anti-apoptotic proteins and growth factors, and the use of a suitable host cell for the specific baculovirus are further directions to work on (Sf9, Sf21, Hive-Five) considering the type of crop as well as its specific pests (pest of soybean, corn pest). Besides those, the integrated crop management of biopesticides and chemical herbicides, aiming at a better result in crop pest control, are paramount for the required gradual reduction in the use of chemical herbicides in agricultural biotechnology scenario which is objective of the present study.
Conclusions
In conclusion, a semi-purified protein fraction termed Q2-5 which was able to increase baculovirus replication (AgMNPV) was identified. Steps for the purification of L. obliqua's hemolymph were standardized and consist of: size exclusion chromatography followed by ion-exchange chromatography (type ''Resource-Q''), using High Performance Liquid Chromatography.
